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Introduction
In 1985, the lower 22.5-kilometer reach of the Sheboygan River and Harbor in east-central Wisconsin ( fig. 1 ) was designated an Area of Concern (AOC) as a result of water-quality and habitat problems associated with the historical discharge of contaminants. The Sheboygan River AOC encompasses the lower Sheboygan River downstream from the Sheboygan Falls Dam, including the entire harbor and nearshore water of Lake Michigan. Nine of the 14 beneficial use impairments (BUIs) of waterways were identified, including the "fish tumors or other deformities" impairment. Contaminants of concern, including suspended solids, fecal coliform bacteria, phosphorus, nitrogen, polychlorinated biphenyls (PCBs), polynuclear aromatic hydrocarbons (PAHs), and heavy metals, were considered the primary contributors. The elevated concentrations of nutrients, solids, and toxic compounds entering the river caused a series of problems, including nuisance algal blooms, fish consumption advisories, and contaminated sediments. The contaminant discharges were also suspected of contributing to the degradation of wildlife, fish, and benthos and plankton populations, and the reduction in fish and wildlife habitat (U.S. Environmental Protection Agency, 2018). Contaminated sediment is considered a major contributor of contaminant compounds and contributes directly or indirectly to seven of the BUIs at AOCs within the Great Lakes Basin (Burzynski, 2000) .
Unfortunately, historical data to assess the fish tumor BUI within the Sheboygan AOC are limited. Fish health assessments were conducted by the Wisconsin Department of Natural Resources (WDNR) on white sucker (WS) captured in the AOC in 1994, but the overall sample size was small. Only 16 liver and 4 each of spleen, kidney, and gill samples were collected from the lower Sheboygan River and an upstream reference site. The research concluded that WS residing in the lower Sheboygan River were exposed to and absorbed substantial amounts of PCBs and PAHs, and exhibited biochemical, histological, and hematological alterations, indicative of impaired fish condition (Schrank and others, 1997). In 2012, a more comprehensive (193 adult WS) survey was completed. Microscopic analyses of raised skin lesions and liver tissue collected from these fish indicated 32.6 percent of the WS had skin neoplasms, whereas 8.3 percent had liver neoplasms. This prevalence was greater than the 5 percent indicated in the 2008 Delisting Targets for the Sheboygan River Area of Concern: Final Report (Environmental Consulting & Technology, Inc., 2008). It was also greater than the liver tumor prevalence of WS collected within the Kewaunee River (3.5 percent), a non-AOC reference site (Blazer and others, 2017). Consequently, monitoring of the tumor prevalence was continued in 2017. This report documents the findings of the tumor survey conducted in 2017 and compares them with the findings from 2012. 
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Methods
Field Methods
White sucker (WS) age 3 years and older were targeted to focus on sexually mature individuals (Becker, 1983 ) that were easily accessible during the spring spawning run. Fish were collected by Wisconsin Department of Natural Resources (WDNR) personnel using boat electroshocking in the vicinity of Kiwanis Park, Sheboygan, Wisconsin ( fig. 1 ) and were processed as they were collected over a 2-day period from March 30 to 31, 2017. Therefore, the samples are considered to be a random sample of the Sheboygan WS population.
Fish were euthanized with a lethal aqueous dose of buffered Tricaine-S (Syndel USA, Ferndale, Washington; 300 milligrams per liter) immediately prior to necropsy. Necropsies were performed by personnel from the U.S. Geological Survey Leetown Science Center (LSC) and West Virginia University (Morgantown) in accordance with the LSC laboratory animal care and use policy. White sucker were weighed, measured, and examined for any grossly visible abnormalities. Pieces of liver (5 to 7 discrete areas throughout the organ) as well as any skin lesions were placed into Z-fix solution (Anatech Ltd., Battle Creek, Michigan) for preservation. External abnormalities including red and eroded lesions; melanistic spots on body surfaces; and raised, pale to reddened lesions in the oral cavity and on the fins and body surfaces were recorded. Prevalence was calculated as the number of fish with each abnormality divided by total number of fish multiplied by 100 percent. Otoliths were removed for age determination.
Laboratory Methods
Preserved tissues were routinely processed, embedded into paraffin, sectioned at 5 micrometers (µm) and stained with hematoxylin and eosin (Luna, 1992) . A variety of microscopic pathological changes, including inflammatory, proliferative, preneoplastic, and neoplastic changes in the skin and liver, were documented following the diagnostic criteria developed for brown bullhead and other fish species (Boorman and others, 1997; Wolf and Wolfe, 2005; Blazer and others, 2006; Blazer and others, 2007). The microscopic appearance of the observed lesions in WS were described previously by Blazer and others (2017). All pathology slides were read by two of the coauthors (V.S. Blazer and H.L. Walsh), and consensus was reached on all diagnoses.
Lapillus otoliths were prepared for aging using a modification of the multiple-stage process described by Koch and Quist (2007) . First, the caps of plastic 2.0-milliliter flat-top microcentrifuge tubes (Fisher Scientific, Pittsburgh, Pennsylvania) were filled with modeling clay and their tapered ends removed to create a cylinder. Single lapilli were placed into the clay such that the "thumb" of the otoliths was embedded into the clay. The vial was filled using the Epoxicure brand of resin and hardener (Buehler Inc., Lake Bluff, Illinois) and allowed to harden. The plastic case was removed and the otolith was sectioned at 7.6-millimeter thickness using an Isomet low-speed saw (Buehler Inc.). Sections were read under transmitted light by two individuals and consensus age was reached by using a light microscope.
Statistical Analyses
Data were compared by using GraphPad version 5 (GraphPad Software, Inc., La Jolla, California). Comparison of prevalence among years was made by using Fisher's exact test. An α-level of 0.05 was used to indicate significance in all tests.
Biometric Data, Gross Abnormalities, and Microscopic Observations Biometric Data
In 2017, a total of 77 females, 120 males, and 3 unidentified white sucker (WS) were collected. Fish ranged in age from 3 to 18 years (table 1, at end of report). Otoliths were not collected for three fish. The mean age was 8.6±2.9 (mean ± standard deviation) years in 2017.
In 2012, 193 WS were collected-112 females and 81 males-and ranged in age from 3 to 28 years (table 2, at end of report). The mean age of the WS collected in 2012 was 10.2±4.4 years.
The age of WS collected in 2012 was significantly (p=0.0004) greater than the age of those collected in 2017. More fish collected in 2012 were 10 years old or older ( fig. 2 ).
External Lesions and Prevalence
Grossly observed abnormalities included three types of raised skin and lip lesions: small, raised, discrete grayishwhite lesions involving a single scale to larger, nodular, raised white areas ( fig. 3A and 3B) ; slightly raised, translucent, plaque-like lesions ( fig. 3C and 3D) ; and the larger, multilobed, papillomatous, pale to reddish lesions of lips and body surface ( fig. 3E and 3F ).
In 2017, 45.5 percent of the WS had some type of raised lesion and 11 percent had more than one type. The large raised growths on lips and body surface were the most commonly observed. The prevalence of raised skin and lip lesions in 2017 (45.5 percent) was not significantly higher than the 38.3-percent prevalence noted in 2012 (table 3). The prevalence of both discrete white spots was higher in 2017, whereas the prevalence of mucoid lesions was not quite significantly different (p=0.0771) between collection years. The prevalence of raised papillomatous growths was also not different between years. A, Slightly raised white lesion covering a scale on the body surface; B, raised white lesion on the opercle; C, slightly raised mucoid lesion on the body surface; D, large, slightly raised mucoid lesion on the opercle; E, raised, papillomatous lesion on the lip; and F, large, raised lesion on the body surface. Photographs by V.S. Blazer, U.S. Geological Survey. 
Skin Tumor Prevalence
Pieces of the raised skin lesions were examined microscopically to diagnose the pathological response. Two types of neoplasms, papilloma (a benign neoplasm) and squamous cell carcinoma (an invasive, malignant neoplasm), were observed. The microscopic appearance of these lesions was described previously (Blazer and others, 2017). The percentage of WS with any skin neoplasm was 29.5 percent in 2017, which was not statistically different from that observed in 2012 (32.6 percent). However, the percentage of suckers with malignant squamous cell carcinoma was greater in 2017 (table 1) . Skin neoplasms were observed in WS aged 4 to 18 years in 2017 and 5 to 21 years in 2012. Mean age of suckers with skin neoplasms was lower (p=0.0229) in 2017 (9.3±3.0) than in 2012 (11.2±4.4).
Liver Tumor Prevalence
Both hepatic cell (adenoma and carcinoma) and bile duct (cholangioma and cholangiocarcinoma) tumors were observed. The microscopic appearance of these lesions was described previously (Blazer and others, 2017). The percentage of WS with any type of liver neoplasm in 2017 (8.5) was similar to that in 2012 (8.3). The percentage of suckers with hepatic cell neoplasms or bile duct neoplasms was not significantly different between collection years (table 1). Both hepatic cell and bile duct neoplasms were observed in one fish in 2017.
Assessment of Skin and Liver Neoplasms
The initial study (data presented in table 2) of white sucker (WS) in the Sheboygan River Area of Concern (AOC) was completed in 2012 to provide a baseline for the fish tumor BUI. The prevalence of liver neoplasms was 8.3 percent (greater than the 5-percent delisting threshold) and 32.6 percent of the WS had skin neoplasms (Blazer and others, 2017). In 2012-13, approximately 305,822 cubic meters of sediment contaminated with PCBs and PAHs was removed from the river between Kiwanis Park and Lake Michigan. Two habitat restoration projects were also completed. Most of the WS collected in 2017 (data presented in table 3) would have been present in the river prior to and during the completion of the dredging in 2013 (4 years or older). Previous studies of brown bullhead at the Black River AOC, in the Lake Erie watershed, demonstrated a high prevalence of liver neoplasms associated with a coking plant and PAHs in sediment. Closing of the plant resulted in decreased PAH concentrations in sediment and a decreased prevalence of liver neoplasms. Dredging of the contaminated sediments led to an increased liver neoplasm prevalence when bullhead were surveyed 2 to 3 years after dredging. It was hypothesized by the authors that dredging caused exposure to buried PAHs. Subsequent monitoring indicated that younger bullhead not present prior to dredging had a reduced prevalence of liver neoplasms (Baumann and Harshbarger, 1998). It is possible a similar response is occurring in the WS from the Sheboygan AOC. Because the dredging was completed in 2013, almost all of the fish collected in 2017 were old enough to have been exposed to resuspended contaminants. Subsequent sampling will be required to determine whether removal of this sediment has reduced the tumor prevalence.
Liver neoplasms in fish have been associated with exposure to PAHs (reviewed by Rafferty and others, 2009), although other factors may be important. Hepatitis virus is a major risk factor for liver cancer in humans (Perz and others, 2006). A hepatitis B virus was discovered during hepatic transcriptome development of WS throughout the Great Lakes watershed (Hahn and others, 2015). There is currently no evidence that this virus is linked to the WS liver neoplasms. Human cholangiocarcinoma is associated with an opisthorchid trematode in parts of the world where raw fish is commonly eaten. The trematode induces biliary fibrosis and inflammation and eventually cancer (Sripa and others, 2011). Biliary hyperplasia, fibrosis, and inflammation, often associated with plasmodia of a myxozoan parasite, were also noted. 
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